Background. Extremely low-birth-weight (ELBW) infants face significant diapering challenges compared with their full-term peers, due to immature musculature, nervous system, and skin development. Advances in medical care have increased an ELBW infant's rate of survival, which creates a growing need for diapers to better serve these infants. Aim of research. The objective of this study was to identify and confirm the requirements for optimal diaper performance from the neonatal intensive care unit nurses' perspective, as well as to assess in-hospital performance to determine if new features improved key developmental care parameters. Method. Two surveys were shared among nurses to address study objectives. Study 1 (N = 151) was designed for neonatal intensive care unit nurses to identify key requirements for ELBW diapers and rate the performance of existing ELBW diapers. Study 2 (N = 99) assessed in-hospital performance of the test diaper compared with the usual diaper, under normal usage conditions. Findings/results. The majority of nurses agreed that ELBW diapers must fit appropriately between the legs so that hips and legs are not spread apart and that ELBW diapers need to be flexible between the legs for positioning. Of the nurses-infant pair responses, 93% (P < .0001) preferred the test ELBW diaper over their usual diaper. Conclusion. Findings suggest that nurses should be included in the product design process to ensure both their needs and the needs of an infant are being met. Nurses are considering how diaper features may affect both acute and long-term medical outcomes and this information provides necessary guidance to diaper manufacturers and designers when developing better-performing diapers.
Introduction
Extremely low-birth-weight (ELBW) infants face several developmental challenges related to the extent of their prematurity, including an immature musculoskeletal system, 1 immature neurologic system, need to have sleep protected from disruption, 2 and thin, fragile skin. 3 In addition, products available to the nurses are often not specifically designed for these fragile infants, forcing nurses to modify existing products, which is often inadequate and inconvenient. Diapering is one of the most common activities conducted by nurses and parents in the neonatal intensive care unit (NICU), occurring up to 6 to 8 times per day, 4 and diapers are often the first garment in contact with infant skin. Thus, the performance of diapers for the developmental needs of premature infants is critical to their health and well-being. However, many nurses have expressed that currently available ELBW diapers do not fit well, which interferes with developmentally appropriate care. 5 Unfortunately, there is little information in the literature describing nurses' diaper requirements or the in-use performance of diapers in the NICU to guide diaper designers. The objective of this study was 2-fold, first to identify NICU nurse requirements for ELBW diaper performance and potential opportunities for diaper improvement, and second to assess in-use performance of a diaper with unique features designed specifically for ELBW infants.
Background
For healthy full-term infants, diapering can become an ordinary, everyday event designed to keep them dry and comfortable, but for ELBW infants, there are significant challenges related to diapering resulting from immature musculature, nervous system, and skin. In each of these cases, there is the potential for the diaper to play a role in helping provide developmentally appropriate care. Alternatively, a diaper that is not designed with these challenges in mind could have a negative impact on the infant's health and development. Premature infants have significantly immature musculature and soft skeletal structure, putting them at risk for the development of long-term musculoskeletal deformities resulting from developmentally inappropriate posture and positioning. 1 Of particular concern in the diaper area is the development of a flattened posture of the lower legs and hips, which can result in delays in walking and crawling. 6 The flattened posture is a result of excessive hip rotation giving a "frog-legged" appearance when the infant is prone or supine. 1 Interventions to prevent this include reducing the angle of rotation of the hips and keeping knees parallel through the use of positioning aids. 6 In this situation, it is reasonable to assume that the fit of the diaper in the crotch and its flexibility may affect the nurse's ability to achieve correct positioning. In addition to positional considerations, the skin of an ELBW infant can have an epidermis that is only a few cell layers thick and little to no stratum corneum, a condition that can severely compromise the structural integrity and barrier properties of the skin. 4 The diaper area poses unique risks to fragile skin due to frequent exposure to moisture, irritants, and friction. 7 As a result, the diaper area is one of the most common locations for skin breakdown in the NICU. 4, 8 Studies in healthy term infants show that diaper construction and design can play a significant role in reducing skin irritation. 9 In addition to obvious anatomical differences such as thin skin and immature musculature, ELBW infants also have underdeveloped brain and neurological systems. 10 The rapidly developing brain of ELBW infants puts them at risk for overstimulation from inappropriate ex utero experiences and stressors resulting in permanent undesirable brain structure changes. 10 Developmentally appropriate care practiced today by most NICU's aims to reduce stressors and maximize sleep. 2 Unfortunately, diaper changes are a source of stress for ELBW infants, 11 potentially resulting from the need to be handled and repositioned, which can disturb and awaken the baby. 12 The first premature diaper from a major diaper manufacturer was introduced in 2002 and was sized for infants less than 1800 g. 13 Since then, advances in medical care have increased the survivability of ELBW infants, 14 creating a growing need for diapers to better serve these tiny infants. Given the potential to influence the quality of care for premature infants, it is surprising that few, if any, studies have been conducted on diapers or diapering in the NICU. Most recommendations for diapers or diapering practice in the NICU are based on studies conducted in full-term infants. 4, 15 Nurses have discussed the shortcomings of diapers for ELBW infants qualitatively with each other and with diaper manufacturers. In addition to generally being too large, nurses have expressed concerns about diapers not being designed for the unique anatomical needs of ELBW infants, interfering with appropriate developmental positioning, and the need to cut, fold, and manipulate diapers to accommodate them (P&G, unpublished data, 2015) . These manipulations can compromise the waste containment properties of the diaper resulting in leakage, which may increase skin contact with waste and increase unnecessary handling during diaper and bedding changes that can interfere with crucial infant sleep time.
Objectives
The objectives of this investigation were to 1. Identify and confirm, from a NICU nurse's point of view, their requirements for optimal diaper performance and assess the current state of performance of diapers being used in NICUs for ELBW infants 2. Assess in-hospital performance of a test diaper with specific innovations designed to determine if new features improved performance on key developmental care parameters versus their usual diaper at the time of the study
The hypothesis was that the test diaper ( Figure 1 ) would provide better performance on key developmental parameters of fit, developmental care, and skin care versus diapers used at the time of the study (August to November 2016). The test diaper was designed in consultation with NICU nurses to address needs for improved and customizable fit, developmental and hip positioning, and to minimize other environmental stressors associated with diapers in the NICU.
Methods
This study employed 2 surveys among nurses to address the study objectives. Study 1 was a survey of nurses designed to identify the requirements that NICU nurses believed were important for ELBW diaper and rate the performance of their existing ELBW diapers (Objective 1). Study 2 was conducted to assess in-hospital performance under normal usage conditions of the test diaper compared with the usual diaper (Objective 2).
Study 1: Nurse Diaper Requirements Survey
A cross-sectional survey was conducted from August 14 to 17, 2016, among NICU nurses to identify nurse diaper requirements and deficiencies in current ELBW diaper performance.
Sample. Participants were recruited from among attendees at the ninth Council of International Neonatal Nurses Conference (COINN), August 14 to 17, 2016, in Vancouver, British Columbia. Permission to conduct the survey was granted by COINN leadership.
Survey Design and Execution. For anonymity, an independent research firm (TNS US, LLC, Horsham, PA) conducted the surveys onsite in the conference exhibit hall using handheld tablet devices. Nurses were recruited voluntarily in person and screened by verbal inquiry whether they were a nurse working in the neonatal field. If they answered "yes," then they were qualified to participate in the survey. Respondents received a small incentive (Can $15 Starbucks gift card) for completing the survey. The survey included demographic information and 16 statements about preemie diapering that were worded as follows: Please tell us whether you agree or disagree with the following statements about preemie infants. (Select one answer for each: Agree, Disagree). The order of statements was randomly generated for each participant to prevent order bias.
Analysis. For each survey question, a 90% confidence interval for proportions was constructed. Statistical significance was assessed for each question by whether the lower bound of the confidence interval exceeded 50%.
Study 2: In-Hospital New Diaper Performance Survey
A prospective, multicenter in-use diaper performance assessment survey by NICU nurses was conducted in 4-level IIIB or IV NICUs: Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio; Children's Hospital of the King's Daughters, Norfolk, Virginia; Good Samaritan Hospital, Cincinnati, Ohio; and University of Cincinnati Hospital Medical Center, Cincinnati, Ohio; from August 3, 2016, to November 4, 2016. The nurses' performance assessment survey was conducted in accordance with hospital procedures as well as institutional review board approval where required.
Sample. The survey included nurses who cared for ELBW infants. During the survey, the infants exclusively wore up to 60 (each) of the test diaper for ELBW infants. Infants recruited were ELBW male and female infants weighing up to approximately 900 g ranging from 23 to 30 weeks gestational age. NICU nurses assessed the diaper performance under normal use conditions and completed one survey at the end of each shift for each infant given care wearing the test diaper. If more than one survey was provided from a unique pair, then only one survey was included in the analysis (chronologically last survey per pair).
Survey Design and Execution. The survey was administered via a website and consisted of 30 questions covering diaper performance, impact of new features, nurse preference, and nurse recommendation. The preference for the diaper was evaluated by the nurse versus her or his usual ELBW diaper used in the unit prior to the survey. Survey responses offered were the following: new diaper, usual diaper, and no preference. Fourteen diaper performance attributes were evaluated on the 5-point Likert-type scale: Excellent, Very Good, Good, Fair, Poor. Nurse opinions on benefits of 12 diaper features were evaluated on the 5-point Likert-type scale: Strongly Agree; Somewhat Agree; Neither Agree or Disagree; Somewhat Disagree; Strongly Disagree.
Analysis. The preference data were analyzed per ASTM Designation E1958-12 16 where each unique nurse-infant pair was treated as independent. The alternative hypothesis for this analysis was that more than half of the unique nurse-infant pairs would prefer the test diaper and was statistically analyzed via a binomial test in 1-sided testing with a significance level of 5%. Nurseinfant pairs for which the nurse preferred neither the test Test diaper for ELBW infants, <800 g, included a 34% narrower crotch (than the leading extra small preemie diaper for infants below 1800 g available in the market as of August 2016), gentle leg cuffs, and a contoured shape ("core") to conform to the anatomy of the baby. The inner part of the diaper contained an absorb-away liner and an extended zone for liquid absorption. The outside of the diaper contained a layer that allows air exchange (breathable).
diaper nor their standard of care diaper were, per ASTM guidelines, evenly divided between the test diaper and the usual standard of care diaper for analysis purposes. The recommendation data, product evaluation data, and feature agreement data are all categorical variables and were summarized descriptively, based on unique nurseinfant care data.
Test Diaper
Study Blinding. To minimize nurse's identifying the diaper brand, packs of 20 diapers were provided in white bags, each with generic labels that included standard safety as well as survey emergency contact information. The diapers were imprinted with the Pampers brand name on the front and back as part of their decoration.
Results

Study 1: Nurse Diaper Requirements Survey
Sample Demographics. A total of 151 neonatal nurses completed the survey. The sample was made up of mainly women (99%). Half of the nurses participating in the survey (54%) were from Canada, with the United States being the second most prevalent home country (19%), followed by Australia (11%), the United Kingdom (5%), and Japan (4%), with other countries (7%) making up the balance of participants. The largest age cohort for nurses was 35 to 54 (56%).
Survey Results.
The results for all survey questions were statistically significant at 90% confidence interval ( Table 1 ). The survey results showed 4 key themes for ELBW diaper requirements.
Nurse Participation in Diaper Design. From the survey, nurses were unanimous (100%) on the importance of their opinions being included in the design of preemie diapers and nearly as many (95%) prefer preemie diapers that have been tested in hospital.
Fit Appropriate for Developmental Positioning. There was high level of agreement about the importance of correct positioning and healthy development (99%; Figure 2 ), that diapers must fit appropriately between the legs so that hips and legs are not spread apart (97%; Figure 2) , and that diapers need to be flexible between the legs for positioning (99%), as seen in Table 1 . Nurses agreed that current diapers were too wide and not flexible enough between the legs for positioning (76%) and that current diapers did not provide best fit for the smallest infants (76%; Table 1 ).
Protecting Sleep and Minimizing Stress.
The majority of nurses also agreed that diapers and diapering can create stressful situations for infants including leaks being disruptive to infants (95%), noisy diapers disturbing infants (76%), and the need to reposition the infant after diapering (90%; Table 1 ). Nurses wanted diapers for preemie infants that provide leakage protection (97%; Figure 2 ), but 60% of nurses agreed that they experienced leaks with current hospital diapers ( Table 1) .
Skin Care. All the nurses (100%) agreed that everything that comes in contact with preemie infant skin needs to be as soft and gentle as possible, as seen in Figure 2 .
Study 2: In-Hospital New Diaper Performance Assessment
Sample Demographics. The sample consisted of 80 nurses and 19 infants across the 4 test sites. Combinations of nurses and infants resulted in 98 unique nurseinfant pairs. The infants ranged in weight from 453 to 879 g (mean = 660 g) and from 23 to 30 weeks gestational age (mean = 25). The sample consisted of more female (68%) than male (32%) infants.
Survey Results. For consistency, the results have been listed to reflect performance against key nurse requirements from Study 1.
Nurse Preference and Recommendation. Of the nursesinfant pair responses, 93% (P < .001) preferred the test diaper over their usual diaper and 95% would recommend it to their colleagues.
Overall Diaper Performance Rating. Complete performance rating results can be found in Tables 2 and 3 . The results showed 89% of nurse-infant pair responses rated the test diaper as "excellent" (E) or "very good" overall (VG). Additionally, they agreed ("strongly" or "somewhat agree") that the diaper enabled nurses to provide best care for micro-preemie infants (93%).
Fit Appropriate for Developmental Care Performance. The majority of nurse-infant pair responses rated (E/VG) the test diaper as fitting well between the legs (85%), being easy to apply to accommodate infant position (84%), promoting developmentally appropriate care (81%), and providing optimal fit to promote healthy growth (87%), as seen in Figure 3 . Evaluation of diaper benefits showed nurse-infant pair responses agreeing that the test diaper provided superior fit for ELBW infants (94%), the narrow crotch helped foster proper hip development (94%), flexibility between the legs helped promote healthy growth, and development (95%) and fastening system allowed for better customization of the diaper to unique infant shape (85%), as seen in Table 3 .
Protecting Sleep and Minimizing Stress. Nurse-infant pair responses also rated the test diaper well (E/VG) for supporting minimal handling (78%), having a quiet fastening system (86%), and being easy to use (86%), as seen in Table 2 . Evaluation of diaper benefits showed nurseinfant pair responses agreeing that the test diaper absorbency allowed for protected sleep (91%) and was sized appropriately to better support skin to skin care (92%), as seen in Figure 4 .
Skin Care Performance. Nurse-infant pair responses rated the test diaper well (E/VG) for important skin care performance attributes including absorbing runny mess (85%), keeping wetness away (87%), preventing urine leakage (87%), and being gentle against infant's skin (89%), as seen in Table 2 . Evaluation of diaper benefits showed nurse-infant pair responses agreeing that the test diaper's uniform absorbency provided better protection against leaks (91%), and the diaper locked away mess from skin better allowing the skin to breathe (92%), as seen in Table 3 .
Discussion
The act of diapering a baby in the NICU is an intimate event between the nurse and the infant that takes place multiple times per day. While a seemingly menial task, the scientific literature is expanding our knowledge of how even the diapering of a premature baby can be stressful. 11, 12 This highlights the need to make this interaction more nurturing and the necessity for the development of diapers that are appropriate for premature infants to help nurses reduce the stress of a diaper change. This investigation demonstrates that preemie diaper design is recognized as important to NICU nurses, and our results suggest that they would like their needs to be considered by diaper manufacturers. Our data further shows that the medical advances to preserve the lives of ELBW infants have not been met with adequate diaper products to meet All ratings favored the new diaper (excellent/very good) and were statistically significant at P < .05, using a 1-sided binomial test with a null hypothesis <60% positive rating.
these babies' unique developmental care needs. Our diaper requirement survey results showed that the nurses' key requirements for ELBW diapers included fit, compatibility with developmental positioning, skin care, prevention of leaks, softness, and quietness. Nurses indicated that ELBW infants need diapers better designed to fit between the legs to promote appropriate developmental positioning and prevent disruption due to diaper leaks. Unfortunately, preemie diapers available at the time of the study did not adequately meet these needs. Nurses at the time of the study frequently encountered diapers that did not provide the best fit for preemies (76%), were too wide between the legs (76%), and leaked in the hospital (60%) suggesting tremendous room for improvement in this setting. Based on considerable interactions with NICU nurses, a diaper was designed in an attempt to meet their needs (Figure 1 ). This diaper was designed specifically for infants <800 g and is 33% smaller than the leading extra small preemie diaper designed for infants <1800 g available in the market, as of August 2016. To address the nurses' concerns with the diaper fit and flexibility between the legs, the width of the diaper between the legs/crotch was 34% narrower than the referenced product, and the core of the diaper was contoured to more precisely conform to the baby's body. The designers sought to minimize urine and stool leakage, which can disrupt baby's sleep by developing an inner liner of the diaper with absorbent layers that were equally distributed within the diaper to provide all-around absorbency. To ensure the diaper was designed with skin care in mind, the outside of the diaper contained layers that allow airflow ("breathable layers"), gentle flex cuffs that contact the intertriginous areas of the baby, and an absorb away liner designed to quickly and thoroughly wick away urine and more liquid type stool.
The results of the in-hospital performance assessment survey demonstrated that the test diaper design was rated as a substantial improvement over current diapering options for ELBW infants and that this diaper could positively influence delivery of appropriate developmental care by nurses in 3 key areas: fit for developmental positioning (Figure 3) , maximizing sleep while minimizing stress, and skin care (Figure 4) . Nurses participating in the performance survey found that when a diaper includes features such as improved fit, gentle flexible cuffs, quiet fastening, and improved absorbency, this resulted in improved care. Optimization of diaper design for ELBW infants can help improve diaper fit to promote developmental positioning, minimize sleep disruption due to leakage and noise, facilitate skinto skin contact, and provide better skin care. Indeed, the majority of nurses in the study (93%) preferred to use the test diapers with these improved features over their previous standard of care.
Conclusion
The results of this study represent important insights into how nurses think about the diaper changing process and the products they use every day. Our data suggest that, as much as possible, nurses should be included in the design of products they use to ensure their needs and the needs of the infant are being met. Given the duration of time that the infant will wear a diaper in the NICU, our findings suggest that nurses are considering how diaper characteristics may affect both acute (eg, skin care) and long-term (eg, hip development, skin-to-skin contact) medical outcomes. It also provides important information for diaper manufacturers and designers on key performance vectors such as fit, flexibility, and absorbency, which may improve care in the NICU and the important role that NICU nurses may play in the development of better performing diapers for ELBW infants. A diaper with performance attributes designed specifically to address nurse needs was significantly preferred over previous diapers-findings showed that of the nurses-infant pair responses, 93% (P < .001) preferred the test diaper over their usual diaper.
Areas for Future Research
This study used nurses' perception of benefits such as skin health and improved sleep quality. Further research is needed to confirm that the test diaper features translate into meaningful clinical benefits.
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